Adsorption of aminopyridines to phosphatidylserine membranes.
Aminopyridines belong to the class of compounds which facilitate synaptic transmission at low calcium concentration, an effect associated with the block of K+ channels, enhanced entry of calcium into presynaptic terminals and greater release of transmitter. We have measured the zeta-potential of phosphatidylserine vesicles in the presence of aminopyridines and some related compounds in order to relate the strength of association of the aminopyridines with their biological effectiveness. The dependence of zeta-potential on the concentration of aminopyridines was analyzed in terms of the Langmuir-Stern-Grahame adsorption model. The rank order of the association constants (in M-1) obtained in the study was as follows: 3,4-diaminopyridine (6.5), 4,5-diaminopyrimidine (3.8), 4-aminopyridine (2.6), 3-aminopyridine (1.8), 2-aminopyridine (1.6), 4-dimethylaminopyridine (0.5), 4-aminopyridine methiodide (0.2), and, as control, calcium (12.1). The comparison of association constants with published results of the electric potential maps obtained by the CNDO/2 method suggests that binding to phosphatidylserine membrane increases with the density of excess charge on the protonated aminopyridine ring. We find that the sequence of potencies of aminopyridines in blocking K+ channels, in releasing transmitter, and in the shifts of calcium concentration dependence of synaptic transmission are about the same as the sequence of association constants with the phosphatidylserine membrane. Assuming that the binding domain for aminopyridines in the presynaptic terminal has similar adsorption properties as the phosphatidylserine membrane, we estimate the electric potential difference between the domain and the external solution to be between -300 and -340 mV.